Introduction.
In a communication network, vulnerability measures the resistance of the network to disruption of operation after the failure of certain stations or communication links. To measure vulnerability we have some parameters that are toughness, binding number, vertex integrity, and scattering number [5] . In this paper, we discuss the scattering number of a graph.
The scattering number of a graph G, denoted sc(G), was introduced in [4] . Formally the scattering number is defined by
sc(G) = max c(G − S) −|S| : S ⊆ V (G), c(G
− S) ≠ 1 ,(1.
1) where c(G − S) denotes the number of components in G − S. A cutset S of a graph G fulfilling sc(G) = c(G − S)
− |S| is said to be a scattering set. The problem "given a graph G, decide whether the scattering number is larger than zero" is NP-complete. The scattering number of a graph is closely related to the toughness of a graph and to the existence of Hamilton cycles and paths. The toughness of a graph G, denoted t(G), was defined by Chvátal [1] : for the complete graph K n we have t (K n 
for any cutset S. It follows from the definitions that t(G) ≥ 1 if and only if sc(G) ≤ 0 for any graph G [3] . Moreover, Jung [4] calls the scattering number the "additive dual" of the toughness.
A Hamilton cycle in a graph G is a cycle containing every vertex of G. Similarly, a Hamilton path in a graph G is a path that contains every vertex of G. If a graph G has a Hamilton cycle, then sc(G) ≤ 0; and if a graph G has a Hamilton path, then sc(G) ≤ 1 [3] .
The following theorem is given by Deogun et al. [3] .
The path cover number of a graph G is the smallest number of disjoint paths covering the vertex set of G and is denoted by π(G). For the next theorem a short proof is given in [3] and this theorem was also proven by Lehel without using order-theoretic tools [6] . Theorem 1.2 (see [3] ). If G is cocomparability graph, then π(G) = max(1, sc(G)). Now we give some definitions. In Section 2, some bounds on the scattering number are given. Section 3 gives several results about the scattering number and graph operations.
Bounds.
Firstly, we give two theorems showing the relation between the toughness and the scattering number.
Proof. For any cutset S, we have
and so
Hence,
On the other hand,
for every cutset S. Since S is a cutset, we have |S| ≤ α(G) and
By (2.3) and (2.5),
The proof is completed.
Theorem 2.2. If t(G) > 0, then sc(G) ≤ α(G)/t(G) − κ(G).

Proof. Consider any cutset S. Then κ(G) ≤ |S| ≤ α(G), obviously. Since t(G) = min{|S|/c(G − S)}, we have c(G − S) ≤ |S|/t(G) and so
Next, we give two theorems containing the relation between some graph parameters and the scattering number.
Theorem 2.3. If a graph G does not contain graph 2K 2 as an induced subgraph, then
(2.10)
Proof. If a graph G does not contain graph 2K 2 as an induced subgraph, then we have
(2.11) By (2.11) the proof is completed.
Binomial trees and scattering number.
In this section, we consider the binomial tree B n (Figure 3 .1) (see [2] ). The binomial tree B n is an ordered tree defined recursively. The binomial tree B 0 consists of a single vertex. The binomial tree B n consists of two binomial trees B n−1 that are linked together: the root of one is the leftmost child of the root of the other. Now we give the scattering number of a binomial tree. 
Now we can show that
The function (n−i)2 i −2 i takes its maximum value at i = n−1/ ln 2−1 . It is obvious that n − 1/ ln 2 − 1 = n − 2 for every n ≥ 3. Hence if we substitute this value in the function (n − i)2 i − 2 i , then the proof is completed. 
Definition 3.2. The tensor product of two graphs G = (V (G), E(G)) and H = (V (H), E(H)), denoted by G⊗H, has the vertex set V (G)×V (H), the Cartesian product of V (G) and V (H), and an edge between vertices (x, y) and (u, v), if and only if {x, u} ∈ E(G) and {y,v} ∈ E(H).
But we can show that But we can show that The proof is completed.
Definition 3.4. Let G 1 and G 2 be two graphs. 
. Then the number of removing vertices is exactly
and the number of components is exactly The proof is completed.
